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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an improved 
high-capacity compound mechanical change gear 
transmission structure, preferably for vehicular com- 
pound transmissions of the multiple substantially iden- 
tical countershaft type. In particular, the present inven- 
tion relates to an improved high-capacity compound me- 
chanical transmission structure allowing, for a given 
transmission capacity and life, the provision of a lighter, 
axially shorter and/or less costly transmission as com- 
pared to comparable prior art high-capacity transmis- 
sion structures. 

[0002] More particularly, in one of the preferred em- 
bodiments, the reverse mainshaft and countershaft 
gears are of a reduced pitch diameter to provide ease 
of bearing assembly and assembly of the mainshaft into 
a front-opening, tub-type housing. 

Description of the Prior Art 

[0003] Compound change gear transmissions, usual- 
ly vehicular transmissions for heavy duty vehicles, of the 
type having one or more auxiliary sections connected In 
series with a main transmission section are well known 
in the prior art. Briefly, by utilizing main and auxiliary 
transmission sections connected In series, assuming 
proper sizing of the ratio steps, the total of available 
transmission ratios is equal to the product of the main 
and auxiliary section ratios. By way of example, at least 
in theory, a compound change gear transmission com- 
prising a 4-forward-speed main section connected in se- 
ries with a 3-speed auxiliary section will provide twelve 
(4 ' 3 = 12) available forward ratios. 
[0004] Auxiliary transmission sections are of three 
general types: range type, splitter type or combined 
range/splitter type. 

[0005] In compound transmissions having a range 
type auxiliary section the auxiliary section ratio step or 
steps are greater than the total ratio coverage of the 
main transmission section ratios used in both ranges 
and the main section is shifted progressively through its 
ratios in each range. Examples of compound transmis- 
sions having range type auxiliary sections may be seen 
by reference to U.S. Pats. No. 3.105,395; 2,637,222; 
2,637,221 and 4,807,493. 

[0006] In compound transmissions having a splitter- 
type auxiliary section, the ratio steps of the splitter aux- 
iliary section are less than the ratio steps of the main 
transmission section and each main section ratio is split, 
or subdivided, by the splitter section. Examples of com- 
pound change-gear transmissions having a splitter-type 
auxiliary sections may be seen by reference to U.S. 
Pats. No. 4,290,515; 3,799.002; 4.440,037 and 



4,527,447. 

[0007] In a combined range-and-splitter-type auxilia- 
ry section, or sections, both range and splitter type ratios 
are provided allowing the main section to be progres- 
5 srvely shifted through Its ratios In at least two ranges and 
also allowing one or more of the main section ratios to 
be split In at least one range. 

[0008] One example of a compound transmission 
having a single combined range/splitter-type auxiliary 
10 section may be seen by reference to U.S. Pats. No. 
3,283,613; 3,648,546. Another example isthe-Ecosplit" 
model of transmission sold by Zahnradfabriic Friedrich- 
shafen Aktiengesellshaft of Friedrichshafen, Federal 
Republic of Germany, which utilizes a separate splitter 
15 auxiliary section in front of, and a separate range auxil- 
iary section behind, the main transmission section. 
[0009] Another example of a compound vehicular 
transmission having a single combined 3-gear-Iayer, 
4-speed combined splitter/range transmission may be 
seen by reference to U.S. Pats. No. 4,754,665 and 
4,944,197. 

[0010] US-A-4807493 describes a multispeed twin 
counter-shaft transmission according to the preamble of 
claim 1 , having a floating main shaft with no internal or 
external bearings or other supporting device at or adja- 
cent its ends. Positioning and supporting of the main- 
shaft is by the gears on it and the corresponding gears 
on the countershafts. 

[001 1 ] It should be noted that the tenms main and aux- 
iliary sections are relative and that if the designations of 
the main and auxiliary sections are reversed, the type 
of auxiliary section (either range or splitter) will also be 
reversed. In other words, given what is conventionally 
considered a 4-speed main section with 2-speed range- 
type auxiliary section, if the normally designated auxil- 
iary is considered the main section, the normally desig- 
nated main section would be considered a 4-speed split- 
ter-type auxiliary section therefor. By generally accept- 
ed transmisstori industry convention, and as used in this 
description of the invention, the main transmission sec- 
tion of a compound transmission is that section which 
contains the largest (or at least no less) number of for- 
wards speed ratios, which allows selection of a neutral 
position, which contains the reverse ratio(s) and/or 
which is shifted (In manual or semiautomatic transmis- 
sions) by manipulation of a shift bar or shift rail or shift 
shaft/shift finger assembly as opposed to master/slave 
valve/cylinder arrangements or the like. 
[001 2] The prior art compou nd change gear transmis- 
sions, especially, the prior art compound transmissions 
of the type having both range- and splitter-type auxiliary 
section gearing, such as the "Roadranger" and "Super 
1 0" offered by Eaton Corporation and the "Ecospllt" of- 
fered by Zahnradfabrik Friedrichshafen Aktienges- 
ellshaft, are well received and widely used in manually 
shifted, heavy-duty vehicles. However, these and other 
types of prior art compound change-gear transmissions 
are not totally satisfactory, as it Is an ongoing objective, 
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especially for vehicular transmisstons, to provide trans- 
missions of equal or improved capacities and reliability 
which use fewer parts and/or are axially shorter and/or 
lighter In weight els compared to prior art transmissions 
of comparable capacity and reliability. 
[0013] U.S. Pats. No. 5.370.013 and 5,390,561, dis- 
close transmissions of an improved structure which use 
fewer parts and/or are axially shorter and/or of a lighter 
weight as compared to comparable prior art compound 
transmissions of equh^alent capacity and reliability. This 
was accomplished by providing a compound transmis- 
sion wherein (i) the main and auxiliary section counter- 
shafts fomi a coaxial assembly of countershafts sup- 
ported solely by bearings in the front and rear end walls 
of the transmission housing, and/or (ii) the mainshaft is 
supported, preferably in a radially floating manner, sole- 
ly by the Input and/or output shafts without intemiediate 
bearings joumailed in an intemnediate housing wall. The 
above structure eliminated the requirement of all or a 
large portion of the intermediate housing wal!(s) and the 
various shaft support bearings associated therewith 
which allowed the provision of compound change gear 
transmissions of relatively lighter weight, shorter axial 
length and/or fewer parts as compared to comparable 
prior art transmissions. 

[0014] While the above-described improved trans- 
mission structure is an advancement in the art, to pro- 
vide a compound transmission having a relatively equal 
or greater reliability and a relatively large capacity with- 
out providing some intermediate support for the coun- 
tershaft assemblies requires an undesirable increase In 
transmission center distances (the distance between 
the axes of rotation of the input shaft/main shaft/output 
shaft and the countershaft assemblies) and/or diame- 
ters of the countershafts. 

SUMMARY OF THE INVENTION 

[0015] In accordance with the present invention, 
which is described In claim 1, a reduced axial length, 
high-capacity compound transmission is provided which 
utilizes substantially fewer parts and/or is axially shorter 
and/or of a lighter weight as compared to comparable 
prior art compound transmissions of equivalent capacity 
and reliability. In a preferred embodiment of the present 
invention, the foregoing is accomplished in a high-ca- 
pacity compound transmission by utilizing (i) main and 
auxiliary section countershafts which fonn a coaxial as- 
sembly of countershafts each supported solely by bear- 
ings in the front and rear end walls of the transmission 
housing and by a bearing in a relatively smalt partial in- 
termediate wall axially aligned with a mainshaft clutch, 
such as the low-speed and/or reverse mainshaft clutch, 
and/or (ii) a mainshaft which Is supported, preferably In 
a radially floating manner, solely by the input and/or out- 
put shafts without intermediate bearings journalled. in 
an intermediate housing wall. In another embodiment, 
the main and auxiliary section countershafts are offset 
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and supported at their inner ends by separate bearing 
means received in a partial intermediate wall aligned 
with a main section clutch. The above structuies elimi- 
nate the requirement of a large portion of the intenmedi- 

5 ate housing wan(s) and various shaft support bearings 
associated therewith which allows the provision of high- 
capacity compound change gear transmissions of rela- 
thfely I'^hter weight, shorter axial length and/or fewer 
parts as con^ared to comparable prior art transmis- 

10 sions. As the partial intemnediate wall and associated 
bearing are axially aligned with a mainshaft clutch, no 
additional axial space is required therefor. 
[0016] To provide ease of assembly, especially if a 
front-opening, tub-type housing is utilized, one of the 

15 preferred embodiments utilizes a reverse idler of rela- 
tively enlarged pitch diameter and reverse mainshaft 
and/or countershaft gears of relatively reduced pitch di- 
ameter. 

[001 7] Accordingly, it is an object of the present inven- 
20 tion to provide a new and improved reduced axial length, 
high-capacity compound change-gear transmission. 
[0018] This and other objects and advantages of the 
present invention will become apparent from a reading 
of the detailed description of the preferred embodiment 
25 taken in connection with the attached drawings. 

DESCRIPTION OF THE DRAWINGS 

[0019] Fig. 1 is a schematic illustration of a prior art 

30 high-capacity compound transmission. 

[0020] Rg. 2 is a schematic illustration of one embod- 
iment of a reduced axial length, high-capacity transmis- 
sion according to the present invention. 
[0021 ] Fig. 3 is a sectional view of the transmission of 

35 Fig. 2. 

[0022] Fig. 4 is a schematic illustration of an altemate 
embodiment of the present invention. 
[0023] Figs. 5A, SB and 5C are schematic illustrations 
of the shift pattem, typical ratios and clutch positions for 

40 the transmission of Figs. 1 , 2, 3 and 4. 

[0024] Fig. 6 is a partial sectional view of an altemate 
reverse idler structure for use In the present invention. 
[0025] Figs. 7A and 7B are schematic illustrations of 
a further example of a transmission, and 

45 [0026] Figs. BA, SB and BC are schematic Illustrations 
of another example of a transmission. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

50 [0027] Certain terminology in the following description 
will be used only for convenience and will not be limiting. 
The words "upwardly," "downwardly," "rightwardly" and 
"leftwardly" will designate directions in the drawings to 
which reference is made. The words "f onward" and 

55 "rearward" will refer, respectively, to the front and rear 
ends of the transmission as conventionally mounted in 
the vehicle, being respectively to the left and right sides 
of the transmission as illustrated in Fig. 1 . The words 
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■inwardly" and "outwardly" will refer to directions toward 
and away from, respectively, the geometric center of the 
device and designated parts thereof. Said temiinology 
Includes the words specifically mentioned above, deriv- 
ath^es thereof and words of similar Import. 
[0028] The term "compound transmission" is used to 
designate a change speed or change gear transmission 
having a main transmission section and an auxiliary 
transmission section connected in series whereby the 
selected gear reduction In the main transmission section 
may be compounded by further selected gear reduction 
in the auxiliary transmission section. The temn "upshift" 
as used herein shall mean the shifting from a lower 
speed gear ratio to a higher speed gear ratio. The temn 
"downshift" as used herein shall mean the shitting from 
a higher speed gear ratio to a lower speed gear ratio. 
The terms "low speed gear'' or "low gear^ as used herein 
Shalt designate a gear ratio utilized for relatively lower 
forward speed operation In a transmission {i.e., a set of 
gears having a higher ratio of reduction of output shaft 
speed relative to the speed of the input shaft). "Synchro- 
nized clutch assembly" and words of similar import shall 
designate a clutch assembly utilized to nonrotatably 
couple a selected gear to a shaft by means of a positive 
clutch in which attempted engagement of said clutch is 
prevented until the members of the clutch are at sub- 
stantially synchronous rotation and relative large capac- 
ity friction means are associated with the clutch mem- 
bers and are sufficient, upon initiation of a clutch en> 
gagement, to cause the clutch members and all mem- 
bers rotating therewith to rotate at a substantially syn- 
chronous speed. 

[0029] Referring now to Rg. 1 , there is schematically 
illustrated a well known and highly commercially suc- 
cessful 18-speed compound transmission 100. Trans- 
mission 1 00 comprises a main transmission section 1 2A 
connected in series with an auxiliary transmission sec- 
tion 102 having both range and splitter type gearing. 
Typically, transmission ICQ Is housed within a single 
housing and includes an input shaft 1 6 driven by a prime 
mover such as diesel engine E through a selectively dis- 
engaged, normally engaged master friction clutch C 
having an input or driving section 1 8 drivingly connected 
to the engine crank shaft 20 and a driven portion 22 ro- 
tatably fixed to the transmission input shaft 16. 
[0030] In the main transmission section 1 2A, the input 
shaft 16 carries an input gear 24 for simultaneously driv- 
ing a plurality of substantially identical main section 
countershaft assemblies 26 and 26a at substantially 
identical rotational speeds. In the transmission 100 il- 
lustrated, two substantially Identical main section coun- 
tershaft assemblies are provided on diametrically oppo- 
site sides of a mainshaft 28A, which mainshaft is gen- 
erally coaxially aligned with the input shaft 1 6. Each of 
the main section countershaft assemblies 26 and 26a 
comprises a main section countershaft 30 supported by 
bearings 32 and 34 in housing H, only a portion of which 
is schematically Illustrated. Each of the main section 



countershafts 30 is provided with an Identteal grouping 
of main section countershaft gears 38, 40, 42, 44, 46 
and 48. fixed for rotation therewith. A plurality of main 
section drive or mainshaft gears 50, 52, 54, 56 and 58 

5 sunround the mainshaft 28A and are selectively clutch- 
able, one at a time, to the mainshaft 28A for rotation 
therewith by sliding clutch collars 60, 62 and 64, as is 
well known in the art. Clutch collar 60 also may be uti- 
lized to clutch input gear 24 to mainshaft 28A to provide 

10 a direct drive relationship between Input shaft 16 and 
mainshaft 28A. 

POSI ] Preferably, each of the main section mainshaft 
gears encircles the mainshaft 28A and is in continuous 
meshing engagement with and is floatingly supported 
15 by the associated countershaft gear group, which 
mounting means and a special advantages resulting 
therefrom are explained in greater detail in U.S. Pat. 
Nos. 3,105,395 and 3,335,616. Typically, clutch collars 
60, 62 and 64 are axially positioned by means of shift 
forks (not illustrated) associated with a shift bar housing 
assembly (not illustrated), as is well known in the prior 
art. Clutch collars 60, 62 and 64 are of the well known 
nonsynchronized double acting jaw clutch type. 
[0032] Main section mainshaft gear 58 is the reverse 
gear and is in continuous meshing engagement with 
countershaft gears 48 by means of conventional inter- 
mediate idler gears (not shown). It also should be noted 
that while main transmission section 12A does provide 
five selectable forward speed ratios, the lowest forward 
speed ratio, namely, that ratio provided by drivingly con- 
nected mainshaft drive gear 56 to mainshaft 28, is often 
of such a high gear reduction as to be considered a low 
or "creeper^ gear which Is utilized only for starting of a 
vehicle under severe conditions and is usually not uti- 
lized in the high transmission range and/or may not be 
split in the low transmission range. Accordingly, while 
the main section 12 illustrated does provide five forward 
speeds, rt is usually referred to as a "4 -»- 1 " main section, 
as only four of the forvyard speeds are compounded by 
the auxiliary transmission section 102. 
[0033] Jaw clutches 60, 62 and 64 are 3-position 
clutches In that they may be positioned in a centered, 
non-engaged position, as illustrated, or in a fully right- 
wardly engaged or fully leftwardly engaged position. 
[0034] Auxiliary transmission section 102 includes 
two substantially identical auxiliary countershaft assem- 
blies 1 04 and 1 04A, each comprising an auxiliary coun- 
tershaft 1 06 supported by bearings 1 08 and 1 1 0 in hous- 
ing H and carrying three auxiliary section countershaft 
gears 1 1 2, 1 1 4 and 1 1 6 fixed for rotation therewith. Aux- 
iliary countershaft gears 112 are constantly meshed with 
and support auxiliary section splitter gear 118 which sur- 
rounds mainshaft 28A. Auxiliary countershaft gears 114 
are constantly meshed with and support auxiliary sec- 
tion splitter/range gear 120 which surrounds the output 
shaft 122 at the end thereof adjacent the coaxial end of 
mainshaft 28A. Auxiliary section countershaft gears 1 1 6 
constantly mesh and support auxiliary section range 
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gear 1 24, which surrounds the output shaft 122. Accord- 
ingly, auxiiiary section countershaft gears 112 and split- 
ter gear 118 define a first gear layer, auxiliary section 
countershaft gears 114 and splitter/range gear 120 de- 
fine a second gear layer, and auxiliary section counter- 
shaft gears 116 and range gear 124 define a third layer 
or gear group of the combined splitter and range type 
auxiliary transmission section 1 02. 
[0035] A sliding 2-positlon jaw clutch collar 1 26 is uti- 
lized to selectively couple either the splitter gear 1 1 8 or 
the splitter/range gear 120 to the mainshaft 28A. while 
a two position synchronized assembly 126 is utilized to 
selectively couple the splitter/range gear 120 or the 
range gear 124 to the output shaft 122. The structure 
and function of double acting sliding jaw clutch collar 
126 is substantially identical to the structure and func- 
tion of sliding clutch collar 96 utilized in connection with 
transmission 1 0 while the structure and function of dou- 
ble acting synchronized clutch assembly 1 28 is substan- 
tially Identical to the structure and function of synchro- 
nized clutch assembly 92 utilized in connection with 
transmission 10. Synchronized ciutch assemblies such 
as assemblies 92 and 128 are well known in the prior 
art and exsunptes thereof may be seen by reference to 
U.S. Pats. Nos. 4,462,489; 4.125.179 and 2.667,955. 
[0036] It is noted that gear 118 defines a forwardly ex- 
tending hub 118A for receipt of a bearing 118B support- 
ed in the intermediate housing wall H'. Bearing 118B 
provides an intermediate support for the mainshaft 28A, 
as are bearings 34 and 1 08. 

[0037] Gear 1 1 8 surrounds mainshaft 28A and is nor- 
mally free to rotate relative thereto and is axially retained 
relative to the mainshaft 28A by means of retainers. 
Clutch teeth on the gears and clutch collars (not shown) 
present tapered surfaces 146 and 148 which are in- 
clined at about 350 relative to the axis of the mainshaft 
28A which provides an advantageous interaction tend- 
ing to resist nonsynchronous engagement and further 
tending to cause a synchronous rotation, as is described 
in greater detail In U.S. Pat No. 3,265,1 73. Clutch teeth 
136 and 140 are provided with similar complementary 
tapered surfaces. Hub 11 8A of gear 118 receives bear- 
ing 11 88 which is received in the intemnediate housing 
wall H\ as is countershaft support bearing 108. 
[0038] By selectively axially positioning both the split- 
ter clutch 126 and the range clutch 128 In the fonn^ard 
and reanward axial positions thereof, four distinct ratios 
of mainshaft rotation to output shaft rotation may be pro- 
vided. Accordingly, auxiliary transmission section 102 is 
a 3-layer auxiliary section of the combined range and 
splitter type providing four selectable speeds or drive 
ratios between the input (countershaft 28 A) and output 
(output shaft 122) thereof. The main section 12A pro- 
vides a reverse and five potentially selectable forward 
speeds. However, one of these selectable fonvard gear 
ratios (gear 56) is often a creeper or low gear not intend- 
ed to be used in the high range. Thus, transmission 1 00 
is properly designated as a (4+1 )*(2)*(2)-type transmis- 




sion providing 1 7 or 18 selectable fonward speeds, de- 
pending upon the desirability and/or practicality of split- 
ting the low or creeper gear. 

[0039] While clutch 128 (the range clutch) should be 
5 a synchronized clutch, double-acting clutch collar 126 
(the splitter clutch) is not required to be synchronized. 
Of course, one or both of the clutches defined by collar 
1 26 could be of the synchronized type. The shift pattern 
for shifting transmission 1 00 is schematically illustrated 
10 In Fig. 5A, where dhfisions in the vertical direction illus- 
trate range shifts, while divisions in the horizontal direc- 
tion illustrate splitter shifts. 

[0040] A method of selecting desirable gear ratios is 
schematically illustrated by reference to Fig. 58. Disre- 

is garding the creeper (illustrated in dashed lines) and re- 
verse ratios, and assuming that it is desirable that a 
transmission have generally equal ratio steps, the main 
section ratio steps should be generally equal, the splitter 
step should be generally equal to the square root of the 

20 main section ratio steps, and the range step should 
equal about the main section ratio step raised to the N 
power where N equals the number of main section ratio 
steps occurring in both ranges (/.e., N = 4 in the (4+1)' 
(2)* (2) transmission). Given the desired ideal ratios, 

25 gearing to approximate these ratios is selected. 

[0041] Assuming by way of example that gears 118, 
120, 124. 112. 114 and 116, respectively, have 40, 38, 
54, 41 , 45 and 19 teeth each, respectively, the following 
four auxiliary section ratios are obtainable: 

30 

(1 ) Clutch 1 26 engaged to gear 1 20 and clutch 1 28 
engaged to gear 124 provides an auxiliary section 
reduction of about 3.365:1 ; 

(2) Clutch 126 engaged to gear 118 and clutch 128 
35 engaged to gear 124 provides an auxiliary section 

reduction of about 2,913:1; 

(3) Clutch 126 engaged to gear 120 and clutch 128 
engaged to gear 1 20 provides an auxiiiary section 
reduction about 1 ,000:1 ; and 

40 (4) Clutch 1 26 engaged to gear 118 and clutch 1 28 
engaged to gear 120 provides an auxiliary section 
reduction of about 0.865:1 . 

[0042] In the foregoing example, the splitter steps are 
45 about 15.6%, while the range step is about 336.6%, 
which is generally suitable for a "4+1 ** main transmission 
section having about 35% steps, as the square root of 
1.35 equals about 1.16, and 1.35 raised to the fourth 
power {i.e., N = 4) equals about 3.32. Fig. 5C illustrates 
50 the various gears engaged for the various selectable for- 
ward speeds of transmission 100. it is noted that 8-9 
and 9-8 shifts are extremely complex because both a 
main section shift and a combined range and splitter 
auxiiiary section shift are required. 
55 p)043] A pretended embodiment of the present inven- 
tion, high-capacity compound transmission 200, is illus* 
trated in Rgs. 2 and 3. Transmission 200 includes a 
main section 212 and an auxiliary section 302 which, 
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except as noted, are functionally identical to main sec- 
tion 12A and auxiliary section 102. respectively, de- 
scribed above. The shift pattern of Fig. 5A, the ratio chart 
of Fig. 5B and the truth table of Fig. 5C are applicable 
to both the prior art transmission 1 CO. the preferred em- 
bodiment of the present invention transmission 200, and 
the preferred embodiments 300, 400, 500, 600 and 700 
of the present invention to be described in greater detail 
below. 

[0044] While the present invention is illustrated as an 
1 8-fonward-speed compound transmission, it is equally 
appiicabie to other compound transmission gearing ar-. 
rangernents, such as those illustrated in aforemen- 
tioned U.S. Pats. No. 4,944,197 and 5,390,561. Ele- 
ments of transmission 200, and of transmissions 400, 
500, 600 and/or 700 to be described below, which are 
substantially functionally and structurally identical to el- 
ements of transmission 100 will be assigned like refer- 
ence numerals and will not be redescnbed in detail. 
[0045] Transmission 200 is a "(4+1 )'(2)'(2)" type com- 
pound transmission wherein the main section 212 and 
auxiliary section 302 are contained within a common 
housing 21 4 having a forward end wall 21 4A, a rearward 
end wall 21 4B and a partial intemnediate wall 21 4C. 
[0046] Input shaft 31 6 cames input gear 24 fixed for 
rotation therewith and defines an inwardly extending re- 
duced diameter portion 31 6A which directly or indirectly 
supports the front end 346A of mainshaft 346. Output 
shaft 358 extends from the rear end of transmission 200 
and carries splines for receipt of an output flange 358A. 
The inner end 358C of output shaft 358 is provided with 
a tapered surface for direct or indirect support of the rear 
end 346B of mainshaft 346. Input shaft 31 8 is supported 
in front end wall 31 6A by taper roller bearing 31 88 while 
output shaft 358 is supported in rear end wall 3168 by 
dual taper roller bearing assembly 358E. 
[0047] The mainshaft 346 carries mainshaft clutches 
60, 62 and 64 and the splitter clutch 126, and extends 
generally coaxially between and is supported by the in- 
ner ends of the input and output shafts. IVIainshaft gears 
50, 52, 54, 56 and 58, splitter gear 1 1 B and splitter/range 
gear 120 surround the mainshaft, preferably for limited 
radial movement relative thereto, and are selectively 
ciutchable thereto by clutches 60, 62, 64 and 126. 
Range clutch 128 is candied by output shaft 358 which 
Is sun-ounded by splitter/range gear 1 20 and range gear 
124. Clutch 128 is effective to clutch either gear 120 or 
gear 124 to the output shaft 358. The function and op- 
eration of transmission 200 Is the same as that of trans- 
mission 1 00, discussed above. 

[0048] The countershaft assemblies 322 and 360, re- 
spectively, are substantially functionally and operatively 
identical to the main section and auxiliary countershaft 
assemblies 26 and 104 of transmission 100, described 
above. Briefly, main section countershaft(s) 324 carries 
countershaft gears 38, 40, 42, 44, 46 and 48 fixed there- 
to, which are constantly meshed with and/or support, 
mainshaft gears 50, 52, 54 and 56 and, through reverse 



idler gear 57, mainshaft gear 58. Auxiliary countershaft 
(s) 362 carries auxiliary countershaft gears 112,114 and 
116, which are constantly meshed with splitter, splitter/ 
range and range gears 112, 114 and 116, respectively. 
5 The forward ends 362A of the auxiliary countershaft(s) 
362 are generally tubular and teiescoplcally sun^ound 
the rear end 324A of the main section countershafts and 
are directly or Indirectly rotatably supported by bearings 
3628 thereon. A bearing 326 supports the forward end 
10 of main section countershaft 324 in front wall 21 4A, 
while a bearing 362C supports the rearward end of aux- 
iliary section countershaft 362 in the rear end wail 21 48. 
The rearward end 324A of main section countershaft 
324 is supported by bearing 3248 In partial intemnediate 
15 wall 21 4C, while the forward end 362A of auxiliary coun- 
tershaft 362 is supported by bearing 3628, carried by a 
canti levered rearward end of main countershaft 324, 
[0049] The reduced -diameter extension 1 6A of the in- 
put shaft 1 6 may carry an axial roller bearing and a gen- 
erally spherical washer of bearing steel, which will abut 
a generally complimentary radially inwardly and axially 
rearwardiy tapered surface provided on the front end 
346A of the mainshaft 346. The hub portion of range/ 
splitter gear 120 surrounds reduced-diameter rearward 
portion of the mainshaft 346, which also may carry two 
spherical washers, which interact with generally compli- 
mentary inclined surfaces on the mainshaft and on the 
output shaft, respectively. The advantages of this Inven- 
tion may be appreciated In greater detail by reference 
to aforementioned U.S. Pat. No. 5,370,013. 
[0050] The mainshaft 346 is thus supported directly 
or indirectly at its front end by input shaft 1 6 for a limited 
amount of radial movement of the mainshaft relative to 
the axis of rotation of the input shaft. The mainshaft is 
supported directly or indirectly at its rear end by the out- 
put shaft 358 for a limited amount of radial movement 
of the mainshaft relative to the axis of rotation of the out- 
put shaft 358. 

[0051] As with the transmission described in afore- 
mentioned U.S. Pat. No. 5,370,013, alt or a portion of 
the gearing of transmissions 200, 400, 500, 600 and/or 
700 may be helical. 

[0052] Accordingly, the mainshaft 346 is supported 
solely by the input and output shafts, preferably with a 
limited degree of radial freedom or ftoat, requiring no 
intermediate support to the housing and. If necessary, 
allowing the transfer of axial forces associated with hel- 
ical gearing to the housing through appropriate bear- 
ings. Further, by eliminating the necessity of an interme- 
diate support for mainshaft 346, the intemnediate wail 
21 4C may be of minimal size. 

[0053] Details of the structure of input shaft 1 6, main- 
shaft 346 and output shaft 358 may be further under- 
stood by reference to aforementioned U.S. Pats. No. 
5,370,013 and 5,390,661. 

[0054] It is an important feature of the present inven- 
tion that the intermediate wall 21 4C and the bearings 
3248 supporting the reanvard ends of the front or main 
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section countershafts .324 are located within the axial 
space 380 required for clutch 64 and its forward and/or 
rearward travel. Accordingly, the addition of the partial 
intermediate wall 21 4C and bearings 324B adds little or 
no axial length to the transmission 200 as conrtpared to 
transmissions without an intemnediate wall, as seen in 
aforementioned U.S. Pats. No. 5,370,013 and 
5,390,561 . 

[0055] In transmission 200, the reverse idler 57 is of 
a relath^ely enlarged pitch diameter, larger than the pitch 
diameter of reverse countershaft gear 48. which allows 
both, the reverse mainshaft gear 58 and the reverse 
countershaft gear 48 to be of a relatively reduced pitch 
diameter. This allows the inner diameter of bearing 
21 4C to be assembled over the reverse countershaft 
gear, formed directly on the outer diameter of main sec- 
tion countershaft 324, and permits the main section re- 
verse gear 58 to pass through the central opening In the 
Intemnediate wall 21 4C for assembly purposes. Reverse 
idler 57 Is mounted on an idler shaft 382 cantilever- 
mounted in housing 214. 

[0056] An alternate embodiment of the present inven- 
tion, transmission 400, may be schematically seen by 
reference to Fig. 4. Transmission 400 includes a main 
section 402 and an auxiliary section 404 functionally and 
structurally identical to main and auxiliary sections 212 
and 302 descnbed above, except as specifically indicat- 
ed below. 

[0057] Briefly, main section 402 differs from main sec- 
tion 212 in that the reverse idler (not shown), reverse 
countershaft gear 48 and reverse mainshaft gear 58 are 
of more conventional pitch diameters. Auxiliary section 
404 differs from auxiliary section 302 in that only the for- 
ward portions 462 A of the auxiliary section counter- 
shafts 462 are generally tubular and telescopically sur- 
round the rearward ends 324A of the main section coun- 
tershafts 324. 

[0058] An alternate reverse idler construction is illus- 
trated in Fig. 6. Transmission 500 is functionally and 
structurally identical to above-described transmissions 
200 and 400, except for the construction of the reverse 
idler and related gearing. 

[0059] As In transmissions 200 and 400, mainshaft 
gears 52 and 54 surround mainshaft 346 and are clutch- 
. able thereto by double-acting clutch collar 62, while low 
gear 56 and reverse gear 58 surround the mainshaft and 
are clutchable thereto by sliding double-acting clutch 64 
controlled by shift fork 64A. Clutch 64 is movable within 
axle space 380. Mainshaft gears 52, 54 and 56. respec- 
tively, are constantly meshed with countershaft gears 
42. 44 and 46 carried by main section 502 countershaft 
324. 

[0060] In transmission 600, a reverse countershaft 
gear is deleted and replaced by a reverse idler shaft as- 
sembly 504 comprising an idler shaft 506 canning an 
idler gear 508 meshed with the low-speed countershaft 
gear 46 and an idler gear 510 meshed with the reverse 
mainshaft gear 58. Shaft 506 is supported In housing 



214 and may include a hollow shaft 512 supported by 
needle bearings 514 on a cantilevered fixed shaft 516. 
Elimination of the reverse countershaft gear allows the 
beeuing 3248 to be easily assembled to the rear end of 

5. the main section countershaft 324. 

[0061 1 In the arrangement of transmission 500. If a re- 
' duced-pitch-diameter reverse mainshaft gear is re- 
quired, the pitch diameter of the idler gear 510 should 
be equal to or greater than the pitch diameter of low- 

10 speed countershaft gear 46. 

P062] Figs. 7A and 78 illustrate an embodiment, of a 
transmission 600, not utilizing coaxial front and rear 
countershafts. 

Transmission 600 includes a main section 602 and an 
15 auxiliary section 604 contained in a common housing 
having a front end wall 21 4A, a rear end wall 21 4B, and 
a modified partial intermediate wall 606. 
[0063] Intermediate wall 606 is axlally aligned with the 
axial space 380 required for operation of the main sec- 
20 tion clutch 64 and inci udes two apertures 608 for receiv- 
ing bearings 3248 supporting the rear ends of the main 
section countershafts 610 and two openings 612 for re- 
ceiving bearings 614 supporting the forward ends 616 
of auxiliary section countershafts 61 8. A central opening 
25 620 is provided for passage of the mainshaft and clutch 
64. 

[0064] A further alternate embodiment of a transmis- 
sion 700, similar to transmission 600 described above, 
may be seen by reference to Figs. 8 A, SB and 8C. Trans- 

30 rnlssion 700 includes a main section 602 connected in 
series with an auxiliary section 702. 
Transmission 700 differs from transmission 600 in that 
two separate axlally offset partial intermediate walls, 
703 and 704, each axially aligned with and in the axial 

35 space, 380 and 706, respectively, required for operation 
of a different mainshaft or output shaft clutch, namely 
clutches 64 and 1 26, respectively, are utilized to support 
the inner ends of the non-coaxial main section and aux- 
iliary section countershafts, 610 and 708, respectively. 

40 [0065] As may be seen by reference to Figs. SB and 
8C, intermediate wall 703 includes openings 61 2 for re- 
ceiving bearings 324B and intermediate wall 704 in- 
cludes openings 710 for supporting bearings 614. 
[0066] Accordingly, it may be seen that a reduced- 

45 length, high-torque-capacity compound change-gear 
transmission, including the types described in afore- 
mentioned U.S. Pats. No. 5,370,013 and 5,390,561, is 
provided by utilizing a partial intermediate wall 21 4C or 
606 axially aligned with a mainshaft clutch 64 to support 

50 a bearing 3248 for supporting an inner end of one of the 
main or auxiliary section countershafts. 8y locating the 
partial intermediate wall and bearing in the axial space 
380 required for mainshaft clutch travel, little or no ad- 
ditional axial transmission is required. 

55 [0067] Although the present invention has been de- 
scribed with a certain degree of particularity, it is under- 
stood that various changes to form and detail may be 
made without departing from the scope of the invention 




13 EP0790435B1 14 



as hereinafter claimed. 



Claims 

5 

1. A compound vehicular change gear transmission 
(200) comprising a multiple speed main transmis- 
sion section (21 2) connected in series with a multi- 
ple speed auxiliary transmission section (302), said 
main and auxiliary transmission sections contained io 
within a common transmission housing (214) defin- 
ing a forward end wall (21 4A) and a rearward end 
wall (21 4B); 

said main transmission section (200) compris- is 
ing an input shaft (316) supported for rotation 
in said housing by input shaft bearing means 
(31 SB) carried by said forward end wall, at least 
one input gear (24) fixable to said input shaft, 
a mainshaft (346) generally coaxial with said in- 20 
put shaft and extending into said auxiliary 
transmission section (302), a main section 
countershaft (324) rotatably supported in said 
housing and driven by said input shaft, a plu- 
rality of main section countershaft gears (38, 25 
40, 42, 44, 46) fixed to said main section coun- 
tershaft, a plurality of mainshaft gears (50, 52, 
64, 56) surrounding said mainshaft and con- 
stantly meshed with said main section counter- 
shaft gears and main section clutch means (60, 30 
62, 64) candied by said mainshaft for rotation 
therewith and axial movement relative thereto 
for selectively fixing said mainshaft gears to 
said mainshaft for rotation therewith; 
said auxiliary transmission section comprising 35 
at least one auxiliary section countershaft (362) 
rotatably supported in said housing, an output 
shaft (358) generally coaxial with said main- 
shaft and rotatably supported in said housing 
by output shaft bearing means (358 E) earned 40 
by said rearward end wall (21 4B), auxiliary sec- 
tion countershaft gears (112, 114, 11 6) fixed to 
each of said one or more auxiliary section coun- 
tershafts, at least one auxiliary section central 
gear (124) generally coaxial with said output 4S 
shaft and constantly meshed with one of each 
of said auxiliary section countershaft gears 
(112, 114, 116) and auxiliary section clutch 
means (126, 128) for selectively clutching at 
least one of said auxiliary section central gears so 
(118, 120, 124) and said mainshaft to said out- 
put shaft; 

said main section and auxiliary section coun- 
tershafts being independently rotatable In said 
housing with the reanvard ends of said main S5 
section countershafts (324A) and the forward 
ends (362A) of said auxiliary section counter- 
shafts being rotatably supported in said hous- 



ing by intermediate bearing means mounted in 
intemiediate housing wall (21 4C) located within 
the axial space required for one of the main sec- 
tion clutch means (64); and 
one of said mainshaft gears is a reverse drive 
ratio gear (58) constantly meshed with an idler 
gear (57) , said Idler gear having a greater pitch 
diameter than at least one of said main section 
countershaft gears (48), said transmission 
characterized in that: 

said mainshaft (346) is supported in said 
housing solely by said input shaft (31 6) and 
said output shaft (358) ; and 
the countershafts (324 and 362) are coax- 
ial. 

2. A transmission according to claim 1 , in which said 
main section clutch means (64) is selectably mov- 
able in an axial space (380) to selectively engage 
and disengage a selected one of a lowest fonward 
drive ratio mainshaft gear (56) and a reverse drive 
ratio mainshaft gear (58) to said mainshaft (346), 
said intermediate bearing means and intemiediate 
housing wall being located within said axial space. 



PatentansprOche 

1 . Gruppenstufengetriebe (200) fur Fahrzeuge mit ei- 
ner mehrgangigen Hauptgetriebegruppe (212), die 
in Reihemit einer mehrgangigen Hitfsgetriebegrup- 
pe (302) geschaltet ist, wobel die Haupt- und die 
Hilfsgetriebegruppe in einem gemeinsamen Getrie- 
begehause (214) untergebracht sind, das eine vor- 
dere Stirnwand (21 4A) und eine hintere Stimwand 
(2148) ausbiidet; 
bei dem 

die Hauptgetriebegruppe aufweist: eine Ein- 
gangswelle (316), die in dem Gehause durch 
Eingangswellen-Lagermittei (31 SB) drehbar 
geiagert ist, welche von der vorderen Stim- 
wand aufgnommen sind; wenigstens ein Ein- 
gangszahnrad (24), das mit der EIngangswelle 
drehfest verbindbar ist; eine Hauptwelle (346), 
die im Wesentlichen l<oaxial zu der EIngangs- 
welle ist und sich in die l-tiifsgetriebegruppe 
(302) erstrecict; eine 

Hauptgruppe-Vorgelegewelle (324), die in dem 
Gehause drehbar geiagert und von der EIn- 
gangswelle angetrieben ist; eine Anzahl i-iaupt- 
gmppe-VorgelegezahnrSder (38. 40, 42, 44, 
46), die mit der Hauptgruppe-Vorgelegewelle 
drehfest verbunden sind; eine Anzahl Haupt- 
weiienzahnrader (50, 52, 54, 56), die die Haupt- 
welle umschiie3en und in Dauereingriff mit den 
HauptgruppeVorgelegewellenzahnradem ste- 



8 




EP0790 435 



hen und Hauptgruppen-Kupplungsmittel (60, 
62, 64). die auf der Hauptwelle mit dieser unv 
lauf end und zu dieser axial t>eweg!ich angeord- 
net sind, um wahlweise die Hauptwellenzahn- 
rSder mit der IHauptwelle drehfest zu verbinden, 5 
so dass sie mit dieser umiaufen; 
bei dem die Hitfsgetriebegruppe aufweist: 



B1 




se ein aus dem niedersten Vorwartsgang-l-taupt- 
wellenzatinrad (46) und einem Ruclcwartsgang- 
Hauptwelienzahnrad (58) ausgewShttes Zahnrad 
mit der l-lauptweiie (346) kuppeln Oder von dieser 
entkuppein l(dnnen, wobei die Zwischenlagennittel 
und die Gehausezwischenwand in dem genannten 
Axtalraum angeordnet sind. 



wenigstens eine l-litfsgruppe-Vorgelege* 
welie (362), die in dem Gehduse drehbar io 
gela^ert ist; eine Ausgangswelie (358), die 
im Wesentlichen Icoaxial zu der IHauptwelle 

und In dem Gehause durch Ausgangswel- 
lenlagemnittel (358E) drehbar gelagert ist, 
welche von der hinteren Stimwand (21 4B) is 
aufgenommen sind; 

Hilfsgruppe-Vorgelegewelien-Zahnrader 
(11 2, 1 1 4. 1 1 6). die jeweils drehfest mit der 
einen oder meiireren Vorgelegewelle(n) 
der Hiifsgruppe verbunden sind; wenig- 20 
stens ein zentrales Zahnrad (124) der 
IHitfsgruppe, das tm wesentlichen koaxial 
zu der Ausgangswelie ist und in Oauerein> 
griff mit einem jedes der Hilfsgruppe-Vor- 
gelegezahnrader (1 1 2, 11 4, 11 6) steht und 25 
IHilfsgruppen-Kuppiungsmittei (126, 128), 
um wenigstens eines der zentralen Zahn- 
rader (118, 120, 124) der Hilfsgruppe und 
die i-lauptweile mit der Ausgangswelie zu 
kuppeln; 30 
wobei die Vorgelegewellen der Haupt- und 
der l-iilfsgruppe in dem Gehause unabhan- 
gig voneinander drehbar und die hinteren 
Ende (324A) der Vorgelegewelien der 
Hauptgruppe, sowie die vorderen Enden 3S 
(362A) der Vorgelegewellen der Hilfsgrup- 
pe in dem Gehause durch Zwischenlager- 
mittel gelagert sind, die in dem fur eine der 
Hauptgruppen-Kupplungsmtttel (64) erfor- 
deritchen Axialraum angeordnet sind; und ^o 
wobei eines der i-iauptweiienzahnrader ein 
RCickwartsgang-Gangstufenzahnrad (58) 
ist, das in Dauereingriff mit einem Zwi- 
schenzahnrad (57) steht (und) das Zwi- 
schenzahnrad einen groReren Teilkreis- 
durchmesser aufweist, als wenigstens ei- 
nes der HauptgruppeVorgelegeweilen- 
zahnrader (48). 

wobei das Getriebe dadurch gekennzeich- 
net ist, dass die iHauptweiie (346) in dem so 
GehSuse lediglich durch die Eingangswel- 
le (316) und die Ausgangswelie (358) ge- 
lagert ist und die Vorgelegewellen (324, 
362) koaxial zueinander sind. 

55 

2. Getriebe nach Anspruch 1 , bei dem die Hauptgrup- 
pe-Kupplungsmittel (64) in einem Axiairaum (360) 
wahlweise derart bewegbar sind, dass sie wahlwei- 



Revendlcatlons 

1 . Transmission composite k changement de rapport 
pour v6hicules (200), comprenant une section prin- 
cipale (212) de transmission k vitesses multiples, 
mont6e en s6rie avec une section auxiliaire (302) 
de transmission a vitesses multiples, lesdites sec- 
tions principale et auxiliaire de la transmission 6tant 
contenues dans un carter de transmission commun 
(214) qui d^finit une parol d'extr^mit^ avant (21 4A) 
et une parol d'extr6mit6 arri&re (21 4B) ; 

ladite section principale (200) de la transmis- 
sion comprenant un arbre d'entr^e (316) sup- 
port6 mobile en rotation dans tedit carter par 
des moyens de palier (31 8B) d'arbre d'entr^e 
qui sont portes par ladite parol d'extremite 
avant, au moins un pignon d'entr^e (24) qui 
peut §tre fix6 audit arbre d'entr^e, un arbre pri- 
maire (346) de fa^on generale coaxial audit ar- 
bre d'entree et se prolongeant dans ladite sec- 
tion auxiliaire (302) de la transmission, un arbre 
secondaire (324) de section principale suppor- 
ts mobile en rotation dans ledit carter et entrai- 
ns par iedit arbre d'entrSe, une pluralite de pi- 
gnons (38, 40, 42, 44. 46) d'arbre secondaire 
de section principale, fixes audit arbre secon- 
daire de section principale, une pluralite de pi- 
gnons (50, 62, 54, 56) d'arbre primaire qui en- 
tourent ledit arbre primaire et qui sontconstam- 
. ment en prise avec lesdits pignons d'arbre se- 
condaire de section principale, et des moyens 
d'embrayage (60, 62, 64) de section principale 
portSs par ledit arbre primaire pour toumer 
avec lui et se dSplacer en mouvement axial par 
rapport d lui pour bloquer sSlectivement lesdits 
pignons d'arbre primaire audit arbre primaire 
pour qu'iis tournent avec lui ; 
ladite section auxiliaire de la transmission com- 
prenant au moins un arbre secondaire (362) de 
section auxiliaire supports mobile en rotation 
dans ledit carter, un arbre de sortie (358) de fa- 
9on gSnSrale coaxial audit arbre primaire et 
supports mobile en rotation dans ledit carter 
par des moyens de palier (358E) d'arbre de sor- 
tie portSs par la paroi d'extrSmitS amSre 
(21 48), des pignons (1 1 2, 1 1 4. 1 1 6) d'arbre se- 
condaire de section auxiliaire fixSs k chacun 
desdits un ou plusieurs arbres secondaires de 
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section auxiliaire, au moins un pignon central 
(124) de section auxiliaire de fa9on g^n^rate 
coaxial audit arbre de sortie et constamment en 
prise avec t'un de cliacun desdits pignons (1 1 2, 
11 4, 1 1 6) d'arbres secondaires de section auxi- s 
liaire et des moyens d'embrayage (126, 128) 
de section auxiliaire destines k embrayer s6- 
iectivement au moins un desdits pignons cen- 
traux (11 8, 1 20, 1 24) de section auxiliaire et le- 
dit arbre primaire audit arbre de sortie ; io 
lesdits arbres secondaires de section principa- 
ie et de section auxiliaire pouvant tourner inde- 
pendamment dans ledit carter, les extr6mit6s 
arri^re desdits arbres secondaires (324A) de 
section principale et les extr^mit^s avant is 
(362A) desdits arbres secondaires de section 
auxiliaire 6tant supportes mobiles en rotation 
dans ledit carter par des moyens de paliers in- 
temriediaires months dans la parol intenmediai- 
re (21 4C) du carter places dans I'espace axial 20 
n^essaire pour un des moyens d'embrayage 
(64) de la section principale ; et 
un desdits pignons d'arbre primaire est un pi* 
gnon de rapport de marche arriere (58) cons- 
tamment en prise avec un pignon de renvoi 25 
(57), ledit pignon de renvoi ayant un plus grand 
diametre primitif qu'au moins un desdits pi- 
^ gnons (48) d'arbre secondaire de section prin- 
cipale, 

ladite transmission caractdrisee en ce que: 30 

ledit arbre primaire (346) est supporte dans 
ledit carter uniquement par ledit arbre d'en- 
tree (316) et ledit arbre de sortie (358) ; et 
les arbres secondaires (324 et 362) sent 35 
coaxiaux. 

2. Transmission selon la revendication 1 , dans laquel- 
le ledit moyen d'embrayage (64) de section princi- 
pale peut etre deplac^ selectivement dans un es- 40 
pace axial (380) pour embrayer et debrayer selec- 
tivement I'un ou l!autre, selectlonne, du pignon (56) 
de rapport extrdme inf6rieur de marche avant et du 
pignon (58) de rapport de marche arriere d'arbre pri- 
maire sur ledit arbre primaire (346), lesdits moyens 45 
de palier intermediaires et ladite parol intermediaire 
du carter 6tanX places dans ledit espace axial. 
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